The deteriorating patient activity (DPA) is a low-fidelity educational simulation that prepares medical students to effectively approach emergency situations. This paper outlines how we have captured and represented expertise in rapidly changing emergency situations to develop a dynamic and adaptive computerized model of the DPA to enhance medical teaching and learning.
Introduction
Designing an ITS to support teaching and learning in emergency medicine requires special consideration of the high-pressure nature of the live clinical environment [1] . Low-fidelity simulations that replicate some aspects of the clinical environment have been shown to improve diagnostic accuracy and develop clinical skills [2] . Systems that combine low-fidelity simulations with intelligent tutoring techniques have been developed to train medical personnel to care for patients during heart attacks [3] and to develop cardiopulmonary resuscitation skills [4] .
In this paper, we present the design of an online version of a simulation-based activity for medical education called the Deteriorating Patient Activity (DPA) [5] . The objective of the DPA is to help medical students learn how to apply a framework to stabilize a patient with symptoms and vital signs that worsen as the simulation continues. In a normal DPA activity, a medical expert plays the role of the deteriorating patient and simulates the positive/negative evolution of his status according to medical actions taken by students. Furthermore, if no action is taken, the patient naturally deteriorates after a certain period of time.
The DPA is a safe and easily controlled environment that allows for repetitive practice with feedback and supports a variety of valid clinical situations with varying levels of difficulty. The online DPA (ODPA) is an addition to the DPA-based instructional approach that aims at allowing students to perform the activity at their own pace without the need for an available human instructor. The idea is to address simpler cases with the ODPA and potentially to obtain remote and asynchronous debriefing by a human expert. More complex cases can thus be explored during classic DPA sessions where a human instructor is available. The instructor can also use trace analyses of students' actions in the ODPA session to inform his or her teaching. Finally, the ODPA can also be used as a supplemental practice environment to reinforce learning during a classic DPA session.
Implementation
The ODPA application is an online-loadable, platform-independent player for ODPA cases. Medical students can access the application from any computer connected to the Internet. When loaded, the application retrieves the learner's student model and initializes the deteriorating patient model using a remote XML file that matches the case selected by the learner. This file describes the pathways in which the patient state can evolve and provides information to the application to load appropriate multimedia resources and adapt the graphical user interface accordingly. All pertinent information (learner actions as well as deteriorating patient reaction or natural evolution) is logged and is transmitted to the medical instructor by email. The remote student model database is also updated for use in future activities. Fig. 1 presents the Graphical User Interface (GUI) of the ODPA. The GUI is organized using three panels. The main panel (a) displays a video expressing the patient's current state; the second panel (b) displays vital signs and their values, determined by the case creator, that evolve in a time-realistic fashion and the final panel (c) displays additional information that the learner requests, such as laboratory test results, x-rays or expert consultations. Clicking on the right mouse button in the GUI displays a popup menu with a list of general medical actions that the user can perform (d).
The ODPA is an event-based and time-constrained system. Events can either occur at a certain moment (for instance to generate an automatic state deterioration after a certain amount of time) or be the result of a user action. All actions occurring in the a b c d GUI as well as the patient's state evolution are logged and sent to the medical instructor by email, who can then use such information to evaluate the performance of his/her students and inform the design of upcoming educational activities.
The solution we chose for addressing the open-ended problem of modeling a patient's deterioration can be summarized as a two-step algorithm: a) Elicit a limited number of basic deterioration states. A definition of a basic deterioration state includes information about multimedia resources to be displayed by the interface when the patient is in this state, and vital sign values that the patient shall evolve towards. b) Determine a set of rules explaining how the patient reacts to user actions depending on the state when the action occurs. State-transition links are the most frequent kind of rules but more complex ones can also be elicited for dynamically modifying the predefined model (i.e. disabling/creating transition links, or provoking the dynamic update of the current state by modifying a limited number of parameters) after certain events or combinations of events occurred.
Discussion and Conclusions
The ODPA provides medical students with supplemental clinical practice opportunities and medical instructors with recorded trace data of student actions, which can be used to examine student misconceptions and adapt instruction. Even though the ODPA is a low-fidelity educational simulation, it tries to encourage immersion through videos filmed from the learner's point of view, and by providing realism in terms of dynamic changes to vital signs in terms of speed, and its corresponding display of patient actions that appear in the video. For example, the patient in the video deteriorates at the same rate as the student actions. Furthermore, the ODPA appears to induce strong affect in test users such as fear and anxiety as the patient deteriorates. In future work, the importance of immersiveness in achieving stated learning objectives will be assessed as well as the strength of induced affective reactions and their impact on decision making.
